Objectives: This study focused on the population structure of OXA-23-producing Acinetobacter baumannii clinical isolates from Rio de Janeiro, Brazil.
Introduction
In recent years, Brazil has faced the emergence of multidrugresistant Acinetobacter baumannii with some reports implicating the production of OXA-23 as the main carbapenem resistance mechanism. 1 -3 Although several methodologies have been proposed for assessing the genomic diversity of carbapenem-resistant A. baumannii (CRAB) isolates, the recently developed multilocus sequence typing (MLST) seems to represent a reliable tool for providing consistent data on its epidemiology, especially due to the possibility of results being compared between different laboratories by easy access to international databases. 4, 5 Recent MLST studies on the clonal diversity of bla OXA-23 -carrying isolates revealed their association mainly with sequence type (ST) 92 (formerly designated ST22) and with European clone II (EU-II). 6, 7 A single description of an OXA-23-producing isolate from Brazil by MLST, 7 and studies reporting genomic diversity among OXA-23-carrying CRAB determined by PFGE, 1, 3 constitute the only available information regarding the Brazilian CRAB population structure. Moreover, the relationship of most of these isolates to the major CRAB lineages disseminated worldwide, 8 namely EU-I, EU-II and EU-III, is still unknown. The present study reports the characterization of the population structure of a previously published collection of OXA-23-producing A. baumannii isolates disseminated throughout Rio de Janeiro, Brazil. 1 
Material and methods
In this study, 96 OXA-23-producing A. baumannii clinical isolates collected between January 2006 and September 2007, from eight hospitals in Rio de Janeiro, Brazil, were included.
1 PFGE typing was performed as previously described, 9 using ApaI restriction enzyme, and the patterns obtained were analysed by InfoQuestTM FP version 5.4 software (Bio-Rad Laboratories) with Dice coefficient analysis of peak positions executed. The unweighted-pair group method using average linkages was applied and the bandwidth tolerance was set at 1.5%. Isolates clustering together with .85% level of similarity were considered to belong to the same PFGE type. 10 The PFGE types obtained were additionally 12 and two MLST schemes.
4,5 Identification of PCR-based SGs was conducted in order to establish the association with the European A. baumannii clones [EU-I (SG2), EU-II (SG1) and EU-III (SG3)]. 8, 10, 11 Sequence-based typing of bla OXA-51-like genes was also performed as described previously. 12 MLST analysis was conducted according to two distinct schemes that will be referred to from now on as MLST-OD (associated with the Oxford Database) and MLST-IP (developed by the Institute Pasteur).
4,5 Nucleotide sequences were submitted to the A. baumannii MLST databases (MLST-OD, http://pubmlst.org/abaumannii/; and MLST-IP, http://www.pasteur.fr/recherche/genopole/PF8/mlst/Abaumannii. html) for assignment of allele numbers and STs. Isolates with five or more identical alleles (MLST-OD) were considered part of the same clonal complex (CC), according to the eBURST software program (http://eburst.mlst.net/). 13 CCs based on MLST-IP were deduced with a minimum spanning tree analysis of A. baumannii isolates. 8 The genetic location of the bla OXA-23 gene was identified using I-CeuI digestion, transfer and hybridization with specific probes for bla OXA-23 and 16S rRNA.
14 The association of the bla OXA-23 gene with the composite transposon Tn2006 was determined using a PCR assay. 14 
Results and discussion
The 96 OXA-23-producing A. baumannii were grouped into four PFGE types showing no relationship to representative carbapenemresistant isolates that belong to ST92, ST98 and ST103 (data not shown). The four clusters arising from PFGE typing were also discerned by sequence-based typing methods. With MLST-OD four new STs were detected: ST131, ST132, ST133 and ST134 (Table 1 and Figure 1 ). These new allelic profiles were not related to the worldwide-predominant ST92/OXA-23 producers described in several European countries, Korea and China (F. Grosso, S. Quinteira and L. Peixe, unpublished results). 6, 7 Moreover, three of the new STs are singletons (Table 1 and Figure 1 ). ST79, ST15 and two new allelic profiles were detected when MLST-IP was applied ( Table 1 ). The SGs identified were SG1 (the most frequently described among OXA-23-producing isolates), 7 SG4 and two new profiles ( Table 1 ). The bla OXA-51-like sequencing approach revealed the presence of bla OXA-66 (the most widespread), bla OXA-69 , bla OXA-95 and bla OXA-132 (Table 1) .
PFGE type A (70% of the OXA-23-producing isolates found within seven hospitals) was assigned to ST131 (MLST-OD), ST79 (MLST-IP) and SG1, and presented the bla OXA-66 gene. ST131 belongs to CC113, which includes STs found in Argentina (Figure 1) . Although belonging to SG1 (EU-II), ST79 is not closely related to either CC2 or ST15. These lineages were described recently as widespread clonal clusters that include most of the CRAB isolates. 8 PFGE type B (25% of isolates) was assigned to ST133 (MLST-OD), ST15 (MLST-IP) and SG4, and presented the bla OXA-132 gene, only previously reported in Saudi Arabian 15 and Portuguese isolates (F. Grosso, S. Quinteira and L. Peixe, unpublished results). The identification of ST15 as an emergent international multidrug-resistant clone 8 and recently reported for another Brazilian OXA-23-producing A. baumannii 7 is worthy of note. 
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The representative isolate of PFGE type C (4% of isolates) belonged to ST132 (MLST-OD), revealed new allelic profiles when MLST-IP and SG identification were applied and presented the bla OXA-95 gene. Finally, PFGE type D (1% of the isolates) was assigned to ST134 (MLST-OD), also revealed new allelic profiles with MLST-IP and SG identification, and presented the bla OXA-69 gene (Table 1) .
We identified the presence of four unrelated OXA-23-producing A. baumannii clonal lineages currently causing infections in Rio de Janeiro hospitals. Interestingly, despite the clonal diversity, the bla OXA-23 gene was consistently found associated with Tn2006 and was chromosomally encoded in all isolates.
Even considering that the currently used sequence-based typing methods can differ in their intrinsic degree of robustness, a factor that might ultimately impair their discriminatory power, it should be stressed that the observed pattern of results was coherent, independent of the selected methodology, always pinpointing the existence of congruent clusters of isolates characterized by very distinctive features. As the application of these methods becomes more widely established, a process of 'natural selection' will surely narrow down the array of available options, highlighting the advantages and drawbacks of each approach. Simultaneously, further studies will help to validate the applicability of each particular method at both the microand the macro-geographical level.
Our results clearly highlighted the clustering of most OXA-23-producing isolates (70%) collected in Rio de Janeiro with EU-II. 7, 8, 10, 11 However, the detection of new STs, together with new allelic profiles determined by SG identification, suggests a local diversity hotspot that is worth exploring. 
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